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Thermal Photons and Dileptons from Chemically Nonequilibrated
Quark-Gluon Plasma (M. T. Strickland) The subject of this work is the thermal emission of photons and dileptons from a nonequilibrium quark-gluon plasma. In particular I have studied the possibiity of using these signals to determine plasma initial conditions under the model proposed by Biro, Muller, et al. My conclusion from this work is that these signals can been used %o determine the initial conditions to within 0.25 GeV if these signals are separable from the%a&gromd processes only to 3 GeV. If, however, the backgrounds can be subtracted to $ GeV then accurate (0.05 to 0.1 GeV) determination of the initial conditions is possible. The figure below is a plot of the fractional yield of thermal dileptons and photons as a function of M and p~ for different stages of plasma evolution. Each consecutive line from bottom to top represents approximately 0.6 Sn/c elapsed. n o m this figure we see that dilepton and photon production for large p~ and M is dominated by early time scales. Therefore, this region provides a record of the earliest stages of plasma evolution. On the other band, for low energies production is spread evenly Over all time scales thus concealing information about the initial state. It is for this reason that background subtraction becomes crucial. My future research will address the importance of medium-effects on>rocesses that take place in a quark-gluon plasma. I plan to study medium effects on rrssociated (or jet) production of photons and dileptons. Associated production is the. production of particles due t o jet fragmentation, and a cursory analysis shows that this $reduction could be T
Random Branching Processes and Multiparticle Production (S. G. Matinyan [l])
The general theory of random branchjng processes is iwblved'for establishing the relation between the parameters k and fi of the negative bmomial distribution of the produced particle multiplicity:
for the produced paxticle multiplicity in high-energy hadron interactions. The relation where a 3 and b = 7 integration constants was found from comparison with experimental data. It provides a satisfactory description of the data on multiplicity distributions in pp&j)-collisions energies up to 1.8 TeV, and can be used to make predictions for higher energies.
These predictions are:
i) restoration of a KNO scaling at high energy, ii) all higher moments Cq (g = 3,4,. . .) of the multiplicity distribution are rising and iii) the scaled peaks of the distributions are moving to the left toward its asymptotic value saturate asymptotically,
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[l] S. G. Matinyan and E. B. Prokhorenko, Branching processes and multiparticle production, Phys. Rev. D48, 5127 (1993).
P a i r Production in the Quantum Boltzmann Equation (J. Rau)
The evolution of the quark-gluon plasma, believed to be formed'in the course of relati*tic heavy-ion collisions, is commonly described by means of a transport equation [l] : It is well understood how a transport equation can 8ccount for accelerationin external fields, scattering, or (hadro-) chemical reactions of the microscopic constituents. There is, however, another physical process which becomes increasingly important at High energies: regions of very large chromoelectric field strength may develop and subsequently decay by emitting quark-antiquark pairs [2] . This gives rise to the hgmentation of clhromoelectric flux tubes ('strings'), a mechanism frequently invoked to model hadron production [3] .
To account for such spontaneous creation of particles, the transport equation has to be modified by a source term.
This source term has been derived [4] for the case of e+e--creation ! n a constant homogeneous electric field, and evaluated numerically [5] It is convenient to introduce a := JLQE/E~ and to consider, rather than the source term itself, the dimensionless quantity The distribution of the longitudinal momenta of the produced electrons is shown in figure 1 , for various values of a. Clearly it is not narrowly peaked around pi1 = 0. Rather, electrons are being produced predominantly in the direction of the external field (pi 1 > 0). Electrons moving in the opposite direction 6111 c 0) are being m a t e d : for them, the production rate is negative. As another surprising feature, q displays (approximately) periodic oscillations whose period scales with a. This may be understood qualitatively if one views pair creation as a tunnelling process from the negative to the positive energy continuum. The barrier between these continua has a spatial width of the order e l / q E , inducing a 'momentum quantisation' Ap11 N JLQE/EI and thus A(pll/cl) -u. Interference of multiply reflected electron wave functions then leads to the observed oscillations.
The source term is found to be generally non-Markoviah.-It exhibits a characteristic memory time which, for strong fields (a > I), may lead to tempormy violations of the B-theorem.
Recently, considerable progress has been made in a better understanding of the spacetime structure of parton interactions during the early stage of these reactions. The conclusion emerging from Herent independent investigations, is that-for RHIC energies and beyond-most of the entropy and transverse energy is presumably produced already during very early times by frequent, mostly inelastic semihard parton coEsions involving typical momentum transfers of only a few GeV. The underlying notion is that the early stage of nuclear collisions at sufficiently high energies can well be described in terms of the space-time evolution of many internetted parton cascades 111 based on renormalization group improved perturbative QCD and relativistic kinetic theory.
When the parton density becomes so large that the quanta begin to overlap in phasespace, recombination (fusion) processes become relemt and the density must saturate towards its limiting d u e . An important question is therefore: how is uQCD in medium" modified as compared to "QCD in vacuum"? In trying to gain a more quantitative knowledge about the microscopic parton dynamics in medium, the most urgent questions concern (i) the initial conditions regarding the parton substructure of large nuclei, in particular the small 3 region and the magnitude of nuclear shadowing effects; (ii) the role of color screening and color diffusion; (iii) the impact of the Landau-Pomeranchuk-Migdd effect; (iv) the space-the dependence of parton interactions with regard to the auence of the characteristic interaction times of parton scatterings and the €onnation times for gluons emitted in bremsstrahlung processes.
We make use of this insight in order60 explore the evolution of a parton cascade inside nuclear matter under conditions where perturbative QCD applies because medium induced effects, such as color screening and rescattering, provide dynaslid cut-oEs on a scale short compared to A". In principle, our approach applies to the propagation of fast partons in any kind of dense medium, be it a t h e m a l i d quark-gluon p h a or ground * state nuclear matter. The equations derived by us can therefore be applied to jet quenching in a QCD plasma as well as to the fragmentation cascade of a quark after deep-inelastic scattering in an infinitely large nucleus. For simplicity we have started by considering the following ideatized problem. Beginning with a prescribed initial distribution o f fast partons injected into infinitely extended nuclear matter by some highly iodized process of space time extent, (Q$)-'i2 << A-', we want to follow the evohtion of the parton distribution in laboratory time, as it propagates through the medium.
We attempt to establish a connection between the semiclassid probabilistic picture of parton evolution in the leading logarithmic approximation (LLA) and the time development of parton cascades in six-dimensional phase space within the framework of nonequilibrium kinetic theory. To do so, we need to clasify two fundamental issues: First we need to relate the Altarelli-Parisi-Lipatov (APL) evolution equations, which determine the change of the parton number densities under variation of the variables rapidity g and transverse momentum k1, or 3 = exp(y) and Q2 fi: k : , with the Boltzmann equation, which controls the time evolution of the phase space densities in both momentum and coordinate space. Second, we must relate the experimentally accessible number densities of quarks, antiquarks, and gluons with the single-particle phase space densities.
The first point-the connection between the APL evolution equations and the Boltzmann equation-has been previously suggested [3] in the formal context of hadron structure which is rather different from OUT considerations of parton cascades in nuclear matter.
Nevertheless, this showed that the APL equations can be derived in a statistical manner similar to the Boltzmann equation, by taking into account both the gain and the loss of partons due to successive 1 + 2 branchings in (3, Q2)-space. This self-contained detailed balance eliminates the necessity of calculating vertex and wave function renormalization explicitly, because the loss terms naturally take over this role. As a consequence, the resulting evolution equations are free of divergences and satisfy the constraints imposed by momentum and quark number conservation automatically.
The measured parton number densities aN(z, Q2), where a E gi, qi, g, give the probability for finding a quark, antiquark, or gluon, inside a nucleon with fradion 2 = k,/P of the longitudinal nucleon momentum P and with Virtuality Q2, or transverse momentum ki. Here Q2 k: sets the scale of hardness that is identified with the momentum transfer of an interaction of the parton with a weakly interacting probe (e.g. a virtual photon) that measures the nucleon substructure. At present, the parton number densities are experimentally accessible only in a space-time integrated way and therefore must be interpreted as instantanous distributions of partons inside a nucleon. On the other has$, in statistical many-particle systems the phase-space distribution F,(E, g; r', t ) is the probabiity density for finding a parton of species a in a phasespace element d3kd3r at time t. Evidently Fa contains explicit additional information about the space-time structure of the initial We extend the probabiistic approach to the space4ime evolution oTpa;rtons in nuclear matter. To do so, we first relate the Q2-evolution to tbe developmeqt with time t , and then we include not only the 1 3 2 branching processes, but a h the reverse 2 3 1 . fusion processes and in addition 2 3 2 scattering processes. 'The latter two types of processes indirectly also give rise to additional stimulated braschings. Stimulated emission, fusion and scattering processes me naturally absent in vacuum, but in medium they =e indispensible ingredients for obtaining a complete set o f of transition amplitudes and a se;lf-consistent parton evolution. In order to keep track of the off-shell ihracter of pastons between interactions, we introduce an additional parameter, the uge r of a parton, which is inversely related to its virtuality Q. Interactions, such as scatterings, can rejuvenate a parton but promoting it back to a higher degree of iirtudity. Without interactions, the parton "ages" by getting closer and doser to mass shell, without e v e reaching it since gluons never propagate as free particles.
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The full evolution equation for the off-shell gluon distribution, including free propagation, branching, two-gluon fusion, and gluon-gluon scattering terms, reads [ One opportunity afforded by a Full Acceptance Detector at hadron colliders [l] is the ability to measure totd and elastic meson-meson cross sections, using leading particle tags to isolate one-meson exchange contributions. In a pp or pF collider, virtual pions associated with the beams can fuse; this process can be isolated by requiring two forwardgoing quasi-elastically scattered A baryons that can be identified by their decay products.
In peripheral p p collisions, this would lead to the process shown in figure 1, A. possible theoretical approach to such events uses an "equivalent pion approximation", developed by analogy with the W e i Z s i k e r -W i l l i a m s method of virtual quanta in electrodynamics. The approximation is based on the idea that the meson field accompanying an energetic baryon consists of virtual quanta close to mass shell, and as such can be replaced with an equivalent pulse of real pions if the invariant mass of the two pion system is much larger than 4m:.
..
We applied these same ideas to the fusion of virtual pions, using techniques developed in some of our earlier work [2] . For proton beams A and B with center of mass energy s, the cross section for ?r?r fusion can then be written in the form where x i is the fractiond beam momentum carried by the virtual pions and 0, is the' production cross section in the collision of two rea3 pions with squared center of mass energy s~~ f ~1 5 2 s . Jn the language of the parton model, &(z) is the quasi-elastic pion .distribution function of the proton. In order to calculate fs, the correct .fsctors for the pion-baryon vertices are needed. Since the pions are taken to be close to mass shell, we used the results of heaty baryon chiral perturbation theory for low energy pion-baryon interactions. [3] by fitting the experimentally measured T 3 Bz decay modes. In addition to this vertex factor, there will be a contribution h m the spin sum *mer the spinor aad &ta-Schwinger fields. For the interaction shown in figure 1 the invariant matrix element is where A' , , , , is the amplitude for two pions of total isospin I to fuse into anything.
In our work we used these methods to study the process pp + A++ +A++ + X, requiring the fusion of two 7r-mesons; this reaction can be triggered on the four positively charged decay products of the A++ baryons. We calculated the total cross section and determined its dependence on the impact parameter of the pp system, taking nuclear absorption into account within the firunework of the Glauber approximation.
Our results indicate a cross section of approximately I1 pb; including absorption effects reduces this ~7 r cross section to about 5.25 pb. This is roughly O.OZS% of the total elastic pion-pion cross section. A luminosity of 1031s-1cm'3 would yield about 50 events per second; an integrated luminosity of 10 pb" produces some 50 million events.
The majority of the nuclear absorption is expected to occur .at small values of the impact parameter b. Indeed, the quasi-elastic nature of the interaction is maintained only in those collisions in which the two protons pass by each other. Thus it is important to verify that a significant portion of the mr cross section extends out to relatively large impacts parameters. The dependence of the differential cross section on &pact parameter is shown in figure 2 , where the dotted curve shows the suppressing effects of absorption. [I] J.D. Bjorken SLAC preprint SLAC-PUB-5927 (1992); SLAC preprint SLAC-PUB- [2] B. Miiller Quantum Chromodynamics (QCD), one must find some small quantity to be an expansion parameter. This is provided by the joint concepts of &a3 symmetry and the heavy baryon limit of hadron physics [2] . These together form a theory for low momentum processes (E 5 500MeV) involving the lowest lying multiplets of mesons and baryons. It is modelindependent in the sense that it depends only on the symmetries of QCD and takes any needed parameters from experimental measurements. In our last Progress Report, we discussed the one loop corrections to strong decays of the decuplet, which seem to require that the coupling constants respect a spin-flavor symmetry not present in the QCD Lagrangian; the radiative decays of the decuplet, where in particular the SU(3) violating rates can be used to determine the importance of meson loops in these processes; and the electric quadrupole to magnetic dipole ratios of decay moments, which probes the structure of the decuplet members. We have extended these studies as described below, where the notation and operators are taken fkom the previous report. 
Extracting E2/M1
Moments for the A.
(R. P. Springer) One difficulty with the ratio of electric quadrupole to magnetic dipole moments, 6 = pb is that the interference of resonant with nonresonant terms makes it ambiguous to measure and to define. For the A, pion-photoproduction data is used, along with model-dependent extractions, to give an estimate of this [4] . An alternative approach is provided by the angular correlation between production and emission photons available through polarized A decay. CEBAF naturally produces Merent numbers of particles in the m = f3/2 than in the m = &1/2 state. Our result is
where 8 is the angle between the incoming and.outgoing photons and P&) = $(3z2 -1)
is the second order Legendre polynomid. S , , ( 8 ) is shown in Fig. 1 . A measurement of S,($)/S7,(0) should give a determination of 6, with an estimate of the nonresonant pieces found by measuring the ratio at a variety of energies. This will complement the * pion-photoproduction determinations of the 6 ratio for the A particle.
. . Static moments can be used to unravel the structure of mnfundamentd objects. In our case, we apply this technique to the first resonance of baryons to see if chiral perturbation theory will provide a deeper understanding of the hadrons. To one loop order in meson exchange, we have predictions for magnetic and quadrupole moments of the decuplet.
A tree level operator, in addition to a loop diagram, contributes t o the magnetic moment of the decuplet. We h d the coefficient of this operator by using the measured magnetic moment of the SZ-hyperon. The magnetic moments of the neutral baryons do not depend on this counter term and are therefore the most se$itive'to purely loop effects. Because we include the strange mesons as possible loop particle%, a comparison of our predictions with measured moments will indicate the importance of strange loops in even'non strange baqyons (such as the A). Our results are sh-inFig. The widths are associated with the, uncertainties in the experimentally extracted coupling constants.
The lowest order quadrupole moments occur, in chiral perturbation theory, as one loop diagrams; no counterterm is necessary to this order, so that predictions are sensitive purely to meson loop effects. The pion loop graphs generally dominate qver kaon loops because both generate a logarithm of the meson mass over the chiral symmetry breaking scale (N 1 GeV). Yet, Clebsch-Gordon coeflicients conspire to make the contributions from pion loops exactly cancel for isospin zero objects. This suggests that the firat contribution from decuplet intermediate states for these objects will involve kaon loops. Therefore the deuteron, for instance, will not get a contribution to its quadrupole moment &om any .. -. [2] . Clearly, the ability of the coming ion-ion experiments at the M C and LHC colliders to resolve such Buctuations critically depends on the size and energy content of these domains.
Numerical SimuIations [3] show that the zero-temperature linear sigma model adve cated in [l] leads to domains that are roughly pion sized, too small to be resolved in experiments. Nevertheless, we illustrate in this Letter that '.finite temperature effects in a heavy ion collision can enhance the size of domains relative to the zero-temperature estimates.
Rajagopal and Wilczek propose a "quench" scenario in which the cbndensate is initially chirally symmetric as appropriate at high temperature, but its evolution is taken to follow classical equations of motion in the absence of a heat bath. For this quench scenario to be realistic, the expansion rate of the heat bath needed to create the symmetric initial state must greatly exceed the rate at whi& the mean field evolves. That time in turn depends on the global dynamics of the nuclear collision.
We describe the evolution of the condensate in the context of a self consistent H a r t r e like semiclassical approach. There, the condensate evolves as a classical field in the presence of a fluctuating quasiparticle bath. We neglect the effect of collisions among quasiparticles, and the dynamical effect of the quasiparticle masses. To illustrate how the fields and quasiparticles evolve with time, we restrict our attention for the moment to a single domain in the interior of the collision volume. An expanding system created in a central Au+Au collision at RHIC will reach temperatures below Tc fi: 132 MeV only after a time -5-20 fm comparable to the Au transverse radius RA -7 fm. We take the quasiparticle flow to be roughly %dimensional and homologous.
The numerical results [4] depend on the strength of the Hartree t& at the critical temperature, expressed by the parameter e. The value E = 1 applies if chiral restoration in an equilibrium system occurs as a true second order phase transition. We have shown that annealing can lead to domains SigniScantly larger than those expected fiom a quench. Our results therefore strengthen the suggestion that disoriented chiral condensates can be observed in heavy ion collisions at RHIC. In high multiplicity hadronic collisions it was suggested that the observed pions can be produced by the coherent decay of ,the classical pion field. Some authors have speculated that this classical pion field is oriented along a single direction in the isospin space disoriented fiom its external value, so that the condensate is associated with the isovector rather than the isoscalar degree of freedom. The signature for this event'is the huge number of either neutral pions or charged pions. This phenomenon may have been observed in the Centaur0 event in cosmic ray collisions. Rajagopal and Wieczcik have proposed the nonequilibrium dynamics for the chiral transition to explain such phenomenon. They use a sigma model to describe the collective behavior where its time evolution follows the classical equations of motion at zero temperature. Here we propose to investigate this problem using time-dependent variational principle with gaussian trial wave functional as ansatz. This technique has been shown to be a powerful tool to explore the off-equilibrium situation in quantum field theory, such as the dynamics of the scalar fiela in the inflationary scenario. We use this approximation to linear sigma model and obtain a set of self-consistent equations of motion for the pion and sigma field. Analytical and numerical investigation are currently in progress. ..
Pion Condensation in Relativistic H e a v y Ion Collisions
(C. Greiner [*I, C. Gong and B. Miiller) Rrrjagopal and Wilczek [I] recently speculated that in a rapid quench through the second order chiral QCD phase transition disordered chiral configurations may emerge. The scenario explicitely assumes large deviations from thermal equilibrium. The spontaneous growth and subsequent decay of these configurations would give &e to large collective fluctuations in the number of produced neutral pions compared to charged pions. These kind of fluctuations can also be understood as follows (23: For very energetic collisions the central rapidity region is presumably free of baryons and thus contains no isospin quantum number. If now a major fraction of the produced.pions settleg,in='the same state, the wavefuncion for an overall vanishing total isospin can be explicitely constructed. The probabiity of hding n neutral pions in such a coherent state falls like -1 / * , so that 'the highest probability occurs for events with a low q d e r ,of neutral pions. addition, we also found that particdar interesting correlations among the various pionpair&annels then should occur which also could be seen in future experiments -at RHIC.
Regardless of this speculative picture of decaying cbiral cond&tes, it is Vsefi~I to ask whether a condensed pion state can be formed under c i r c d a s c e s where the hadronic matter never gets far out of thermal equilibrium or if the phase trassition occurs not spontanously, but slowly, as one would may expect because of the GuIpIus in latent heat. I f a locally thermalized state is created throughout the rapidity gap between projectile and target nuclei, can the density become so high that some m i o n of the pions are iorced into a condensate? The measured slopes in the pion spectra at the CERN-SPS show a 
Condensation would occur if
reaches the pion mass. The driving out of chemical equilibrium is motivated by the fact that the annihilation rate ofsions beczomes small at still rather high temperatures, EO that in the ongoing moling and -&on the number of (effective) pions remains more or less constant. 2n addition, the pions ' €+' an attractive interaction in the pchannel, which, as our calculations show, e€€ectidy lower the pion mass in the hot hadronic environment. On a first sight one may expect that this would present an opportunity for the onset of condensation. . . .
In this (ideal) picture the entropy to pion ratio should thus be cons@nt during the expansion of the fireball. It now turns out, however, %hat this ratio along the line following the critical chemical potential dectecrses with falling temperature $(see Fig. 1 ). Hence, because the total entropy can never decrease, the pion system can not condense in a forthgoing evolution, if the M 0 5 c m e r stays in 'therma;l 'equilbrium thr0Ue;hout the cooling process. Only if the hadtonization out of a QGP is spontanous (on &e time scale of inelastic collisions), a &action of pions could settle in a Bose condensated state and this state may s d v e until decoupling.
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[*] partially supported by the Alexander von 'Humboldt-Stiftung. [l] K. Rajagopal One particular goal in relativistic heavy ion collisions is the formation of a deconfined quark gluon plasma. It is expected that this phase transition is accompanied by a restoration of chiral symmetry. The massive (conhed) quasiparticles, the constituent quarks, become bare, undressed quarks with current quark masses much below the constituent quark masses. However, &om the onset the reaction during such a collision proceeds far off equilibrium, a thermal QGP may be reached only after some f i t e time in the further evolution process. The 'undressing' of the quarks should occur in between this evolution. Being still far fiom equilibrium this restoration of chiral symmetry may happen rather In this work we want to continue our examination of the consequences of a spontanous change of the vacuum when restoring chiral symmetry. According to the results of the parton cascade model the quarks will reach a chemical saturation only eventually whereas the gluons saturate on a significantly smaller timescale (on the order of half a fm/c). The reason for this behaviour lies in the fact that the quarks are only produced in second order by gluon annihilation and the rate for this process is small compared to the corresponding one for gluon production. The decay of one single gluon into a quark and antiquark is, of course, kinematically not allowed, as long as all partons are treated as effective on-shell particles. During the above mentioned transition, however, the quark are no more on-shell particles, their spectral function contains a wide off-shell spectrum. This gives raise to the idea that a single gluon could in principal decay into a quark-antiquark pair during the decay of the vacuum. In return a large fraction of energetic gluons thus may (spontanously) decay into such pairs and would contribute to an d e r a t e d chemical saturation of the quarks in phase space.
The problem can be rephrased as follows: What is the number of quarks (and antiquarks) produced in a first order decay of already present gluons sitting in a tipe dependent scalar background field? The €ohnulation we have d e d out by using real-time Green functions [I] being appropriate €or non-equilibriurn studies. The number of produced quarks is contained in the '<'-component of the complete one-particle Green function and is given by the projection on the corresponding outgoing state in the fas frlture For our purpose we have to specify now the Green function. The pertubative interaction with the gluons are diagrammatically straightforward. The h t order decay is contained in the self-energy insertion Z: for the quarks. Casting the contributions from the time contour path to real times, the first order correction reads   G,et(l,3) Cret(3,4) G0((4,2) + G$ (l,3) C""(3,4) G$"(4,2) AGc ( larities. Besides the pair production the above expression also incorporates the absorption or emission ('Bremsstrahlung') of gluons for the quarks being produced already from the (0-th order) vacuum decay. A seperation of the pair production and these processes is not possible because of quantum mechanical interference terms. In the end one has to show that these singularities cancel, as they do. In addition to these ~W Q difficulties there also. arises an UV infinite contribution out of the (pertubative) gluonic vacuum. Its interpretation lies in the usual mass renormalization. (Also there exists PL h i t e mass renormalization contribution due to the interaction with the already present real gluons). However, being interested only in the contributions due to the presence of real gluons, the vacuum terms can explicitely be seperated and w i l l thus be discarded.
For a numerical study we parametrize the incoming gluons by a thermal distribution. This may not be too physical because the gluons may still be distributed far from equilibrium; yet it is convenient to see how large the h a l numbers are and by interpretating these to reason what might then be expected for other distributions. The study shows that a large fraction of the highly energetic gluons will indeed decay into quarks and that the slope of the produced quarks falls off exponentially, dictated more or less by a temperature the same as used for parametrizing the gluon distribution [Z]. Such a phenomena could give raise to a nonpertubative dynamical creation of quarks and antiquarks (as well as entropy) in ultrarelativistic heavy ion collisions. More numerical studies are presently underway.
Multiply Strange Nuclear Systems (C. Greiner [*])
The formation of so called strangelets, s m d pieces of strange quark matter (SQM), had been proposed as a 'unique' signature for the formation of the QGP [l) in present and future heavy ion collision experiments. Because of their expected large strangeness content they would occur as rather neutral and unusual heavy 'hadronic' particles in the detectors.
Until recently the assumption that strangelets could be the only metastable configurations with such an unusual small charge to mass ratio seemed to be very plausible. However, one could in principle a h think of small strange nuclei, which are made out of nucleons and strange baryons. If one thinks for example of a state (2p,2n,2h, Eo, 22-), such a state would posess a baryon number of 10, it would be neutral and contains the same amount of strange quarks as either up and down quarks. (In fact, according to our new understanding, such a multistrange nuclei turns out to be bounded and thus metastable.)
In addition, because all of the various baryons a.re located in the ls-state, its average density of such a configuration is also comparable to that inside a strangelet, being almost 3 times that of normal nuclear matter. The detection of a nearly neutral massive 'particle' would then not be an unambiqous signal for the discovery of a strangelet. However, on the other hand, the possibility of having new forms of nuclei may turn out to be as exciting.
Essential for the stability of such new nuclear systems is the understanding of the Y-N and Y-Y interaction inside those multihypernuclei. The starting point is the description of the single hypernuclei, where one neutron is substituted by a strange A. Fkom the meas u e d one-particle states of the hyperons the individual potential depths and the strength of the attractive Y-N forces are extracted quite accurately. The experimental access to the Y-Y forces is, however, more delicate. There exist so far only three candidates for double-hpernuclei. Yet a careful analysis has given that the residual interaction of the two hyperons, more specifically the ls-matrix element ABAA =< lslV~~(ls >= -5 MeV, is also attractive and seems to be nearly as strong as the N-N-interaction inside nuclei. (A phenomenological consideration, which postulates a general SU(6) s b e t r y among the various potentials, supports this reasoning -see Fig. 1 .) The residual interaction can now be simulated by introducing two new mesons which only couple to the hyperons. An explicit relativistic shell model calculation reveals that indeed the experimental data on the double hypernuclei can be succesfully reproduced [2] . Moreover, a whole 'zoo' of exotic multihypernuclaer systems is now being postulated.
Such strange hadronic matter (SHM) shows remarkably quite simihr global properties 8s SQM. The only quantitative difference might lie in the overall biding energies of such. exotic configurations. If the binding energy lies, however, in the same region, it turns out that presumably slightly positive candidates would be rather multihyperonic states and that slightly negative candidates may be both states 
NONPERTURBATIVE STUDIES OF NONABELIAN GAUGETHEORIES
Lyapunov Spectrum of Classical SU(2) Lattice Gauge Theory (C. Gong)
A rescaling method has been developed for SU(2) lattice gauge theory and a3iows following the evolution of the system for a long time as well as obtain other Lyapunov exponents besides the largest one. But due to practical reasons, the complete Lyapunov spectrum for the theory can only be obtained on a lattice of small sizes [1] . Results are shown in Figure 1 . In the figure, The solid line shows the Lyapunov spectrum on a 33 lattice; the dashed line is for .a Z3 lattice; -The points correspond to the result on a l3 lattice. The spectra are plotted in the scaled form: the Lyapunov exponents are scaled with respect to the ' largkt Lyapunov exponents; the indices are scaled with q g t to the total number of Lyapunov exponents, which is 18N3 on a N3 lattice. Th%-spkti-um is nicely seperated into three pasts: one-third of positive expoennts, one-third zeros and one-third negative ones. The generd feature of anti-mirroi sysmmetry of 8 Lyspunov spectrum of a H d t o n i a n system is observed. The number of zeros equals the number of Gauss' law conservstions on the lattice, which implies, at least on the lattice, there is no hidden h e t r y besides the Gauss' law and the conservation of global kinetic quantities. Another interesting observation is that already on lattices of rather small sizes, the scaling with lattice size appears. Recently the intriguing problem of the possibly large rate for electroweak baryonnumber changing processes in high-energy collisions, originally based on the instanton approach [2], m a s considered from a completely different point of view, based on the classical analogue to high-energy particle collisions [3, 4] . The hope was that one could observe the energy transfer from fast (high frequency) classical wave modes, presumably corresponding to initial states containing few high-energy particles, to slow (low frequency) classical wave modes, representing low-energy multi-particle final states. In contrast to .negatice results found in numerical studies in the (1+1)-dimensional abelian Eggs model [3] and the q54-theory in (3+1) space-time dimensions [4], we found, by observing the instability of a standing wave in the SU(2) gauge theory, there exists such an energy transfer in non-abelian gauge theories.
.-
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Infrared Instabilities in Nonabelian Gauge
The simplest ansatz satisfsing the free Yang-Mills equation is an abelian standing wave A:(z, t ) = 6i36c3A COS k o~ COS ~o t (1)
with ko = wo assumed to be large. (We work in the temporal gauge 4 = 0.) To second order in A, we found perturbations af(x, t ) both transverse in color space and in real space contain instabilities. The strongest instability appears for a mode with k, = /ES = 0, whose frequency contains an imaginary part A/2& in the limit of k, > A. This$ verified by a numerical study, the result of which is shown in Figure 1 . Initially the gauge configuration is an abelian standing wave with an amplitude corresponding to less than S% of the maximal magnetic energy density on 'the 863 lattice.
When a small abelian perturbation, restricted to the same direction in color space as the standing wave is applied, the field oscillations remain stable, as shown by fhe dashed line. When a general nonabelian perturbation pointing in a random color direction is added, the field oscillations develop a visible instability around t h e t = 90, as shown by the solid' curve. Quantitatively this instabilityxan be &ara&erized by the associated largest Lyapunov exponent Xo. In the continuum limit, we have
which is very close to the above perturbative result. 
-
The total electric energy as a function of time. The initial state is a standing wave with a small perturbation. The solid line shows the case when the perturbation is non-abelian, which results in the destruction of the plase wave beginning at t x 20. The dotted line is for an abelian If a quark were to pass around the contour C, its wave function would pick up an internal symmetry rotation given by the product of the gauge link variables encountered. The Wilson loops essentially measures the response of the gauge fields to an external quark-like source passing around the perimeter.
Wilson Loop in Classical Lattice
It is expected that for large loops the loop expectation value will fall off exponentially with the area of the loop. The recent quantum study of the Wilson loops by Bali et al. [2] suggests that the string tension, which is the slope of this fall-off, is a function of the energy of the gauge fields. On the other hand perturbation theory arguments suggest that if a quantity is proportional to the dimensionless variable ag2T, where a is the lattice constant, g is the gauge coupling and T is the temperature, then it will.have the same value in the classical limits of the theory. The goal of this study is to find out whether this holds true for the string tension.
-%
The method we use is similar to the one used for the time evolution study of the gauge fields [3] . The 3D space is discretized by a regular lattice, and the electric and magnetic gauge fields are defined on the links (e), connecting two neighboring vertices (i,j), and on the elementary plaquettes p ) , forming the shortest closed path around a link, respectively. They are expressed in terms of SU(2) variables:
Here Up is the product of all four link variables on an elementary plaquette, and the dot denotes a time derivative.
The Hamiltonian of such system is the following:
The gauge fields evolve according to equations of motion. bridge 1983).
3.4, Wigner Functional Approach t o Quantum Field Dynamics (S. Mr6wcyikki and B. Miiller)
Dynamical processes in relativistic quantum fields are usually described in terms of the particle excitations of these fields. However, there are situations where more appre priate degrees of freedom are rather the field amplitudes themselves and their conjugate momenta. This happens when as a first approximatiion the dynamics is well described by the fclassical field equations. A well known exampIe here is the evolution of Eggs fields in the early universe, which acquire a finite vacuum expectation value when the temperature falls below the critical temperature for the symmetry breaking phase transition. the mechanism which drives the Higgs fieldd &om the symmetric phase, wbere the vacuum expectation value vanishies, to the asymmetric phase with a non-zero expectation value is essentially classical. Such phase transitions have attracted much attention im the context of idationary cosmological models, models of galaxy formation, the creation of the cosmic baryon number asymmetry during the electroweak phase transition, and most recently due to the possibility of creating the =called xiisaligned &al condensates in ultrarelativistic heavy-ion collisions.
All these situations have in common that one must study the evolution of a quantum field far off thermal equilibrium, when the initial state of the quannun field is specified. Most theoretical approaches to this initial value problem for quantum fields have been based on dynamicdl equations for t%e field expectation values k d the Gaussian fluctuations around those, assuming that fluctuations around the most probable pathremain small. while this assumption may be correct in certain instances, it is a weWknown fact that fluctuations usually do not remain small in dynamical phase tmmi~ons, where domain formation an& clust&ing are regularly o d g phenomena-.
-We have introduced a formalism which appears to be very c o n d e n t to study the . evolutionof quantum fields &om an initial state and which.goes beyond the classical description. The central object of our approach is the Wigner function, Wignerfinct(onaZin fact, which is the quantum analog of the classical distribution function in a p b e space.
Here the sphase space, however, is spanned not by the particle coordinates and momenta, but by the field amplitudes and their conjugate momenta. The @eat advantage of the Wiper function formalism is that, while being fully qusntum rnedhanid, it remains close in its spirit to the clasical description, and that the classical limit can dways be easily obtained. On the other hand, the simul~eous presence of many uquasiclassicd'' field configurations can be described with ease, and the fluctuations around these do not have to remain Gaussian.
We have restricted our considerations to scalar fields with quartic self-interaction.
After discussing the definition of the Wigner functional we have shown that the equations of motion have the familiar form of a transport equation in phase space with quantum corrections. We have then derived the Wigner functional for a free scalar field in thermal equilibrium. We have discussed how the classicdl phase space distribution is obtained in the high temperature limit, and we have obtained the twepoint correlation function. We have analyzed the "rollover" of the scalar field in a second-order phase transition, where the power of the Wigner functional approach becomes apparent, allowing for the evolution of the quantum field along many simultaneous classid paths. We have briefly discussed the mean field and semiclasical approximation, and have suggested how to obtain numerical solutions to the initial value problem for quantum fields in more complex situations.
Wigner k c t i o n on Compact Spaces
(C. Gong and B. Miiller)
One way to study the semiclassical limit of a field theory is via Wigner function approach. H-T. Elze and U. Heinz have worked with a Wigner operator, which for a scalar field assumes the form 111.
.. where fi is the density operator and n8 is the conjugate momentum. .B& the above form cannot be directly implemented for a gauge theory. The difficulty'stems from the fact that the variables in a lattice gauge theory live in a compact space; for example the link variable U in the SU(2) gauge theory is an element-of.SU.(2),$he group manifold of-which is a compact S3. We have solved this problem for the U(l) theory, which in the one link limit is like a rotator. The solution for a non-abelian gauge theory is not known.
For a one link U(l) gauge theory, the Wigner function is defined cj;hthuosely on link variable U and discretely on eigendue rn of the electric field E and the time evolution of this function is given by 
Renormalization Group &d Universality (S.-B. Liao fl])
The modification of fundamental laws of physics with changing observational length d e is the subject of renormalization group (RG). Through the RG flow equation, one may probe the dependence of the effective coupling co-hstsnts on.the characteristic length [2,3]. The otherwise complicated flow pattern becomes rather simple in the vicinity of the fixed points where the linearized RG flow dong with scaling provide a recipe of W i g the coupling constants. The irrelevant coupling co&ants dem%e =--the scale is moved toward the infrared direction snd therefore do not af€ect the physical contents in the infrared region. Within this regime where linearized RG becomes applicable and the usual concept of universality is recovered, physics is parmeterized by the relevant and marginal .-.-coupling constants only.
In the realistic models we find several scaling regimes when the renornaked trajectory passes by different k e d points. There are fixed points for the Theory of Everything, GUT, Standard model, QCD and QED, to mention some of them. Although the true renormalized trajectory approaches all of them for certain values of the cut-off, it reaches the first one only. In fact, in the scaling regime of, say the fixed point of QCD, some of the interactions of the Standard Model generate non-renormalizable vertices in terms of the quark and gluon fields. These vertices deflect the renormalized trajectory from the k e d point as we move up in energy. In fact, when scaling is investigated at the other fixed points then the higher energy reactions always make these fixed points unstable in the ultraviolet direction [4] .
We argue that the concept of universality is severely limited for models with multiple fixed points. As a demonstration, we derive an improved RG equation for the O(N) symmetrical scalar field theory:
which accumulates the effects of the eliminated modes in a systematic way as the cut-off is lowered. Here the 2% are the longitudinal and transverse wavefunction renormalization constants, and U p ) denotes differentiation of Uk with respect to the ith and j t h components of the scalar background field @. Our equation is superior compared with the usual one where only the contributions which are vanishing in the ultraviolet xegime are retained.
The scaling properties around the infrared fixed point are expected to be uninteresting since less 'and less modes are kept in the system as the ultraviolet cut-off energy reaches zero. It is known that there is only one (completely trivial) relevant coupling constant at this fixed. point, the mass. But then we ignore the -;nfrsred diver~nces -of the massless theories. The infrared divergences may in principlegenerate relevmt operators as the ultraviolet cut-off approaches the infrared regime. Another class of models where the idkared scaling might be rather non-trivial is where agymmetry is broken spontaneously. Though the breaking of a symmetryhfiuences %he renonnslized trajectory but the spontaneous breaking of the symmetry cannot be realized unless the system is iafinite. Thus the symmetrical scaling of the ultraviolet becomes non-symmetrical only in the asymptotically low energy regime, in the expansion around the infinite system.
The form of the scaling operators of the in€rared fixed points can be rather complicated in terms of the 10ca.l field operators since the physics of the fixed point is essentially nonlocal. We recover classical physics at the fixed point for massless theories. There the soft particle emission allows the spread of the energy kom the microscopical to macroscopical length scales. When the theory possesses a mass gap then the energy can not be distributed to arbitrary long distances and the ix&ared physics is still controlled by coherent quantum effects , e.g. superconductivity.
We found infrared singularities in the one-loop @ function for the odd vertices of the O ( N ) model when the first two orders in the gradient expansion of the renormalized lagrangian were retained. We know no more about the applicabiity of the gradient expansion than the trivial remark that it becomes more reliable at higher dimensions. Though one expects the gradient expansion to be reliable in the infrared regime, but it may not converge in determining the infrared scaling operators which might well be non-local. Thus we do not have an unambiguous support for the strong coupling infrared physics of the Goldstone modes. Nevertheless we think that the appearance of these Mared singularities is a serious issue. This is because our p function includes the complete oneloop result, in contrast to the usual computation where contributions which are vanishing at the ultraviolet fixed point are ignored. Thus our @ function agrees with the expansion results in the vicinity of the ultraviolet fixed point. But in the infrared regime the contributions we retained play an important role and drive certain coupling constant to large d u e s .
In summary, we find indications of the existence of relevant operators at the S a r e d fixed point, contrary to common expectations. This result makes the sufficiency of renormalizable coupling constants in parametrizing the long distance phenomena questionable. We derive a manifestly gauge kvariant renormalized action for Yang-Mills theory using the Schwinger proper-time formalism. In our -scheme the regularization is achieved by the -smooth suppression of the large eigenvalues in the quantum Buctuation determinants.
The way how A and 6 enter gauge invariantly as the UV and IRregulator, respectively, can easily be seen by invoking the Schwinger proper-time formalism, in which the functional determinant of a general second-order operator ?f is represented by [2] :
where the expression is normalized with respect to the corresponding operator 'Ho evaluated at vanishing field. If we introduce into the proper-time t integration a smearing function
(2) then becomes, setting z = A2t, which is the Pauli-Villars regularized version containing a UV cut-off.
Our approach makes it more feasible to implement Wilson's renormalization group method to Yang-Mills theory in a gauge symmetry preserving manner. In particular, we obtain a renormalization group flow equation which takes into consideration the contributions of higher dimensional operators and provides a systerqatic way of exploring the role of these operators as the strong coupling, @wed limit is approached [3] .
In the perturbative treatment of quantum field theory, one often encounters infrared (IR) divergences in evaluating Feynman .graphs, espec*dy when the system under investigation contains massless modes. Some of the renown examples in which the theories are plagued by IR singularities include QED and QCD due t o the masslessn& of the gauge particles. Such massless modes can also arise if the lagrangian of the theory possesses qxithuous global symmetry. Even though IR singularity reflects the long-range nature of ,the interaction in the theory, it nevertheless plays an important role in justifying the perturbative approach to the high-enkgy phenomena.*With the propagators of the massless theory behaving as P-~, IR divergences occur in the vicinity of the mass-shell condition p2 = 0. To generate a well-defined-perturbation theory, one must therefore resort to some off-shell prescriptions. Upon careful comparisons, it is found that in spite of the fact that all conventional schemes yield the same p function for the coupling constant, there exists ambiguity in probing the symmetry of the vacuum in massless theory using the effective potentials derived from the above conditions. Different subtraction schemes in general lead to different forms of effective potentials, thereby making it difficult to decide on the symmetry of the ground state. Even though the M scheme 1 2 1 lends support to the occurrence of spontaneous symmetry breaking due to radiative corrections, the conclusion is refuted by the fi scheme. Such scheme dependence is exemplified in the well-known massless scalar QED and the two-dimensional Gross-Neveu models, in which spontaneous synhmetry breaking is generally believed to take place. We argue that whether or not the vacuum of massless theory is broken by radiative correction still awaits for a more convincing method or experimental inputs to come. . where the dot denotes differentiation with respect to b.
The power of finite-temperature RG flow equation 930 is that it already takes into accounts all the daisy and superdaisy diagrams. At every step when ihe momentum modes fkom each "thin shell" are being eliminated, the effective finitetemperature ICdependent effective vertex functions are generated, which are used subsequently as the input parameters for the computation of Up;k(@) at the next lower energy scale. ' Numex5ca.l works along this aspect are currently being pursued. [l] S.-B. Liao and J. Polonyi The study of time evolution of quantum systems is important in various areas of physics. In the high energy heavy-ion collisions, properties of hadronic mtter can be explored through the globally off-equilibrium transient phenomena. On %the other hand, the inflationary scenario of the early universe also involves the control of the time evolution of a driving scalar field. To explore these issues, the timedependent variational method using a Gaussian trial wave functional has been utilized for 44 field theory. Although the formalism has been introduced for some time, the issue of renormalization of equations of motion was not completely discussed. We showed recently that the standard method for renormalization applies to these timedependent equations. The crucial point is to use the hamiltonian nature of the variational principle. In particular we have considered small oscillations about equilibrium and shown that these give two meson modes of the theory. The two meson equation has a closed solution leading to a single bound state for attractive renormalised coupling and a complete form for the scattering amplitude in the continuum. This form is easily adapted to the usual running coupling constant in the two meson energy. We have also examined our equations for so d e d runaway solution where one of the physical parameters goes to infinity. Using the "potentid" part of our variational hamiltonian we are able to show that conservation of energy prohibits any unphysical runaway. Initial-value problems in quantum field theory such as non-equilibrium phenomena can be analyzed using, as the first crude attempt, the Gaussian approximation. However, as discussed by F.Cooper, S-Y Pi and P. Stancioff, this particular method d e z s several shortcomings. Therefore, efforts have been devoted to hding an alternative scheme to improve the Gaussian approach. In our recent paper, a new method to solve such initial-' value problems has been proposed. Using the timedependent projection technique, we obtain a mean-field expassion, in which the lowest and figher-order terms correspond to, respectively, the Gaussain approximation and the dynamid correlati6n effects. This procedure was applied to 44 theory in 1 + 1 dimension. We were able to compute the lowest two orders in the expansion for a spatidy d o r m system both analytically and numerically. Recently we have extended this technique to a non-worm field configuration.
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In ddition, we have found some interesting aspects of the approach. I t is possible to show that the differential equations obtained &om this &~r & i n a t i o n represent'a classical dyn.&nical system. The system is hamiltonianfor 'the mean-field approximation and "quasihamiltonian" when the kinetics of quantum correlations is incorporated to the dynamics. These properties are very important for example in the context of renormalizations for (the equations of motion. Quantum groups are a new symmetry structure recently introduced into physics. For semi-simple Lie algebras, the most important properties of the representation theory have been generalized to their quantum analogs and the theory and applications are by now welldeveloped. The situation is very different for Ron-semisimple groups where the quantum deformation structure is not unique. Some of the most fundamental, and interesting, symmetries in physics-most importantly the Poinwt5 and Galilei symmetries-fall into this category.
One approach to a deformed Poinear6 algebra is to apply the contraction process to the standard q-deformation of the (anti) de Sitter algebra so (3, 2) . Thking the limit of the de Sitter radius R 00 with an accompanying limit of the deformation parameter q, such that lim(R Inq) = K -~, one obtains the K-Poincare' quantum group. In contrast to the deformation parameter q, which is dimensioriless, the parameter )E carries the units of a (fundamental?) length. The ~-Poincar6 quantum group has two invariants, a quadratic invariant and a bi-quadratic invariant. The tc-Dirac equation has recently been found, and it factorizes the bi-quadratic invariant, quite unlike the usual case which factorizes the quadratic invariant.
It is a quite general question whether any of the quantum groups associated with the classical Lie groups are realized in nature. In particular, it would be interesting to probe whether any of the fundamental symmetries of nature, such 8s translatipal and Lorentz invariance, are represented at the quantum level precisely by Lie groups or rather by their quantum deformations. Fkom the success of the standard description of these symmetries as Lie groups it is clear fiom the outset that the deformation parameter must be tiny, and that very precise tests are required to detect any deviation-fiom the (undefomed) Lie group description. One of the most delicate tests of rotational symmetry in nature is provided by the near degeneracy of the 2s1/2 and 2~112 states in hydrogen, which is only broken by radiative corrections. This degeneracy has previously been used to test the dimensionality of space-time [l]. Here we study it in the context of the fiPoincar6
To obtain the tc-Dirac-Coulomb equation we have gauged the fiD&ac equation and incorporated the Coulomb 3eld. 'Expanding this equation in the (dimensional) parameter K -~, we apply it to the quantum relativistic hydrogen atom, with the aim of confronting any induced K-Poincar6 shift in the ground state energy level with the recent precision quantum optics measurements. Remarkably, we find that the Grst order effect. vanishes identically, .. while the second order perturbation contains singular terms rendering the equation illdefined.
There is a rather speculative way out of this impasse. One of the motivations underlying the quantum group approach is that the quantum parameter-mJp&bw -.-'.. serve as a convergence fixtor. The singular terms in the rc-foincar&Dirac-Coulonib problem Gter through exponentials of the P o operator, which suggests that bite (time) displacements occur. Thus it is not unreasonable to hope that the rc-Poincar4 length d e hay minehow cut-off the singular terms in the Coulomb problem. -For the singular second order perturbation term the cut-off enters logarithmicslly, and is thus relatively insensitive to the cut-off. Using the ground state second-order (cut-off) energy shift determines, in fsct, a length-scale that is self-consistent (the cut-off scale in the singular integral is of the same order of magnitude as that scale determined by the cutoff energy shifts).
The ground-state second-order (cut-off) energy shift is found to have the order of magnitude:
AE(ls1p) (ZWC)' (ma6).
Comparing this estimated shift, AE(ls+), with the observed experimentd limits on the accuracy with which the lslp eigenenergy is known, we obtain:
This implies that the R-Poincar6 length scale is: cc 5 10'13m or smaller. We note that this self-consistent estimate of the tc-Poincard length scale is both speculative and surprisiigly inaccurate, despite the high experimental precision, in direct consequence of the remaskable property that the ePoincar6 Dirac-Coulomb problem has no first-order co&&ion to the discrete energy eigenstates. --- 
